Background-Most studies of depression and cardiovascular risk have been conducted in white populations. We investigated this association in a community-based cohort of blacks. Methods and Results-We used data from the Jackson Heart Study to investigate associations of baseline depressive symptoms between 2000 and 2004 with incident stroke and coronary heart disease (CHD) during 10 years. We used Kaplan-Meier estimates and Cox proportional hazards models to assess cardiovascular event risk using 3 exposure variables: any depressive symptoms (Center for Epidemiological Studies Depression score ≥16); none (score <16), minor (score 16 to <21), and major depression (score≥21); and Center for Epidemiological Studies Depression score per 1-SD increase. Models were adjusted for a stroke or CHD risk score and behavioral risk factors. Of 3309 participants with no stroke history, 738 (22.3%) had baseline depressive symptoms. A similar proportion with no previous CHD had baseline depressive symptoms (21.8%). The unadjusted 10-year risk of stroke was similar among participants with any compared with no depressive symptoms (3.7% versus 2.6%; P=0.12). Unadjusted CHD rates were higher among participants with depressive symptoms (5.6% versus 3.6%; P=0.03), and differences persisted after adjustment for clinical and behavioral risk factors but not after adjustment for coping strategies. In adjusted models comparing major versus no depressive symptoms, patients with major depressive symptoms had a 2-fold greater hazard of stroke (hazard ratio, 1.95; 95% confidence interval, 1.02-3.71; P=0.04). In continuous models, a 1-SD increase in Center for Epidemiological Studies Depression score was associated with a 30% increase in adjusted incident stroke risk (P=0.04). Similar associations were observed for incident CHD in models adjusted for clinical and behavioral risk factors, but associations were not significant after adjustment for coping strategies. Conclusions-In a community-based cohort of blacks, major depressive symptoms were associated with greater risks of incident stroke and CHD after adjustment for clinical and behavioral risk factors. (Circ Cardiovasc Qual Outcomes. 2015;8:552-559.
A lthough depression has long been recognized as a common consequence of acute cardiovascular outcomes, it may also be an important risk factor for first-ever stroke and coronary heart disease (CHD). Prospective studies [1] [2] [3] [4] [5] and meta-analyses [6] [7] [8] have found positive associations between depressive symptoms and incident cardiovascular disease after adjustment for other psychosocial and physiological risk factors. Yet, most studies of depression and cardiovascular outcomes have been conducted in white populations. Knowledge about depression and cardiovascular outcomes in blacks is limited, despite higher rates of severe and disabling clinical depression and a greater degree of undertreatment than in white populations. 9 A recent analysis of the Chicago Health and Aging project found associations between a composite measure of psychological distress and stroke mortality and incidence among black adults. 10 However, this study was limited to adults aged >65 years. The link between depression and incident cardiovascular disease may be especially important in younger populations. 1, 11 The objectives of this study were to examine associations between depressive symptoms and incident stroke and CHD in a community-based cohort of blacks. We hypothesized that baseline depressive symptoms are positively associated with adverse cardiovascular outcomes after adjustment for sociodemographic and clinical characteristics. A secondary hypothesis was that this association is attenuated after adjustment for behavioral risk factors, antidepressant medication use, and self-reported coping strategies.
Methods

Data Sources
We used data from the Jackson Heart Study, a community-based cohort study of blacks in Jackson, Mississippi, designed to investigate risk factors for cardiovascular disease. 12 The study enrolled 5301 participants aged 21 to 94 years from 4 populations: community volunteers from the Jackson metropolitan area (30%), randomly selected residents of Jackson (17%), participants in the Jackson site of the Atherosclerosis Risk in Communities (ARIC) cohort study 13 (22%), and family members of Jackson Heart Study participants (31%). All participants underwent a baseline examination between 2000 and 2004 to collect data on demographic characteristics, socioeconomic characteristics, medical history, physical examination, laboratory values, cardiac test results, behavioral factors, and medications. Deaths and nonfatal events were ascertained via annual telephone calls, review of death certificates, and abstraction of medical records for relevant International Classification of Diseases, Ninth Revision, Clinical Modification codes through 2010. The Jackson Heart Study was approved by the institutional review boards of Jackson State University, Tougaloo College, the University of Mississippi Medical Center, and the Duke University Health System. All study participants gave written informed consent.
Study Population
We included all Jackson Heart Study participants who completed at least 16 of the 20 Center for Epidemiological Studies Depression (CES-D) scale screening questions at baseline. We excluded participants who had a history of stroke at baseline (n=234) from analyses of incident stroke and participants with a history of CHD (n=425) from analyses of incident CHD. For models including self-reported coping strategies, we excluded 383 participants for stroke analysis and 367 in the CHD analysis.
Exposure Definition
We defined the presence of any depressive symptoms as a binary variable based on a score of ≥16 on the CES-D at baseline. 14 The score is the sum of the 20 questions with a possible range of 0 to 60. We further classified participants into major and minor depressive symptomatology for secondary analyses using the following CES-D cut points: minor (score of 16 to <21) and major (score of ≥21). We also examined CES-D score as a continuous variable in SD units, translated as CES-D score per 1-SD increase.
Outcome Ascertainment
Strokes and CHD (ie, myocardial infarction, fatal CHD, or cardiac procedure) were ascertained via directed patient queries during annual telephone follow-up and ongoing surveillance of hospitalizations, with subsequent transmission of hospital records and death certificates to a medical record abstraction unit for review. A computergenerated diagnosis with physician adjudication was used to classify hospitalized and fatal stroke and CHD events. We included all events that occurred within 10 years of the baseline examination date based on a median of 8 years of follow-up time and a 75th percentile of 10 years.
Covariates
Because of the low number of events relative to the number of potential confounding variables, we created a single composite risk score separately for stroke and CHD covariate adjustment to avoid biased regression estimates. 15, 16 We calculated a 10-year stroke risk score for each participant by fitting a separate incident stroke model on the entire Jackson Heart Study cohort with no previous stroke at baseline (5067 participants and 153 stroke events), using Cox proportional hazards regression. Regression variables included age, sex, body mass index, systolic blood pressure, dialysis, previous myocardial infarction, diabetes mellitus, hypertension, atrial fibrillation, left ventricular hypertrophy, history of cardiovascular disease, smoking history, antihypertensive medication use, and antithrombotic medication use. To ascertain left ventricular hypertrophy, we used a quantitative left ventricular mass measurement from echocardiography when available (missing for 35% of participants); otherwise, we ascertained left ventricular hypertrophy based on a qualitative assessment of mild, moderate, or severe. We then used the X-β (∑ β j Χ j ) from this model as a continuous stroke risk score variable. A similar process was used to create a 10-year CHD risk score among participants with no previous CHD at baseline (n=4876 participants, 192 CHD events). For the incident CHD model, we included all variables in the stroke model except for previous myocardial infarction and history of cardiovascular disease, and added variables for total cholesterol, lipid-lowering medications, and previous stroke.
Mediating Variables
Hypothesized mediators of the association between depressive symptoms and cardiovascular outcomes included socioeconomic status (education level and annual family income), alcohol use (mean number of drinks per day), physical activity (mean number of activity hours per week), antidepressant use (α-2 receptor antagonists [tetracyclics], monoamine oxidase inhibitors, modified cyclics, selective serotonin reuptake inhibitors, tricyclic agents, and miscellaneous antidepressants), and self-reported coping strategies (engagement and disengagement subscale scores on the Coping Strategies InventoryShort Form).
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Statistical Analysis
A copy of the a priori statistical analysis plan is provided in the Appendix I in the Data Supplement. We tested for differences in the distribution of baseline characteristics by the presence of depressive symptoms at baseline using χ 2 tests for categorical variables and Kruskal-Wallis tests for continuous variables. We used KaplanMeier methods to calculate the cumulative incidence of first stroke or incident CHD by the presence of depressive symptoms at baseline and tested for differences between the groups using log-rank tests. We estimated covariate-adjusted associations between depressive symptoms and cardiovascular outcomes using Cox proportional hazards models with censoring at the time of death, participant
WHAT IS KNOWN
• Previous studies have found that depression is predictive of adverse cardiovascular events.
• Compared with white populations, blacks have higher rates of severe depression, but there is limited data on the prognostic significance of depression in black cohorts.
WHAT THE STUDY ADDS
• Depression was common in this black population, affecting nearly one quarter of cohort participants.
• Participants with depressive symptoms had more comorbidities, lower physical activity, and lower socioeconomic status.
• Even after adjusting for clinical and behavioral risk factors, major depressive symptoms were associated with a nearly 2-fold increase in incidence of stroke and coronary heart disease. loss to follow-up, or the end of study event surveillance follow-up (December 31, 2011). We examined associations for stroke and CHD separately using 3 depressive symptom variables: any depression (yes or no), depressive symptom category (none, minor, or major), and CES-D score per 1-SD increase. For each depression variable, we ran 5 sequential models: (1) an unadjusted model in which depression was the only variable, (2) a model that included adjustment for stroke or CHD risk score and socioeconomic status, (3) a model that included adjustment for stroke or CHD risk score, socioeconomic status, and behavioral risk factors, (4) a model that included adjustment for stroke or CHD risk score, socioeconomic status, behavioral risk factors, and antidepressant medication use, and (5) a model that included the adjustment for stroke or CHD risk score, socioeconomic status, behavioral risk factors, antidepressant use, and coping strategies. In model 5, we excluded participants who had missing data for any part of the Coping Strategies Inventory-Short Form. In all models, we tested the proportionality assumption for the depression variable by including an interaction variable for the interaction between the depression variable and log of survival time.
Because of the high proportion of participants who did not complete the CES-D, we examined the baseline characteristics of the study population by CES-D completion. For variables with low rates of missingness (<5% of records), we imputed continuous variables to the overall median value, dichotomous variables to no, and multichotomous variables to the most frequent categorical value. 18 For variables with >5% missingness (ie, medications and income), we treated missing values as a separate category. 19, 20 We used a 2-tailed α=0.05 to establish statistical significance and calculated 95% confidence intervals (CIs). We used SAS version 9.3 for all analyses (SAS Institute, Cary, NC).
Results
Of 5301 participants in the Jackson Heart Study who completed the baseline examination, we excluded participants with previous stroke (n=234) and additionally those with incomplete CES-D information (n=1758) for the stroke analysis. Among 3309 participants in the final study cohort, 738 (22.3%) had depressive symptoms at baseline. Table 1 shows the distribution of baseline characteristics among participants with depressive symptoms at baseline and those without (Table I in the Data Supplement shows the baseline characteristics by major, minor, and no depressive symptoms). Participants who reported depressive symptoms were younger on average and were more likely to be women than those who did not. Participants with depressive symptoms were significantly more likely to have a history of cardiovascular disease, diabetes mellitus, heart failure, previous myocardial infarction, and zero hours of weekly physical activity and to be current smokers. Median body mass index and waist circumference were higher among participants with depressive symptoms. Antidepressant use was low among participants with depressive symptoms at baseline (11.4%). Participants who did not complete the CES-D were younger on average, were more likely to be men, and had lower levels of education than those who completed the CES-D (Table II in the Data Supplement) .
Of 5301 participants in the Jackson Heart Study who completed the baseline examination, we excluded participants with previous CHD (n=425) and additionally those with incomplete CES-D information (n=1698) from the incident CHD analysis. Among 3178 participants in the final study cohort, 692 (21.8%) had depressive symptoms at baseline. The distribution of baseline characteristics by depressive symptoms in the incident CHD cohort was similar to that of the incident stroke cohort (Table III in the Data Supplement shows the baseline characteristics of the incident CHD cohort by depressive symptoms, and Table IV in the Data Supplement shows the baseline characteristics of the incident CHD cohort by major, minor, and no depressive symptoms).
As shown in Figure 1 , participants with depressive symptoms had higher cumulative incidence of stroke than those without. The unadjusted 10-year cumulative incidence of stroke was 3.7% (n=23 stroke events; 95% CI, 2. Figure 1A ). When we stratified participants by minor and major depressive symptoms (Figure 1B) , the highest 10-year cumulative incidence rates of stroke were observed for participants with major depressive symptoms (5.4%; 95% CI, 3.1%-9.4%), followed by those with no depressive symptoms (2.6%; 95% CI, 2.0%-3.4%) and those with minor depressive symptoms (2.0%; 95% CI, 1.0%-4.3%; P=0.04). The unadjusted 10-year cumulative incidence of CHD was 5.6% (n=34 CHD events; 95% CI, 4.0%-7.8%; censoring rates: death [52 (7.5%)], loss to JHS surveillance [79 (11.4%)], and <10-year follow-up [400 (57.8%)]) for participants with depressive symptoms and 3.6% (n=79 stroke events; 95% CI, 2.9%-4.6%; censoring rates: death [143 (5.8%)], loss to JHS surveillance [244 (9.8%)] and <10-year follow-up [1576 (63.4%)]) for those with no depressive symptoms (P=0.03; Figure 2A ). When we stratified participants by minor and major depressive symptoms, the highest 10-year cumulative incidence rates of CHD were observed for participants with major depressive symptoms (5.8%; 95% CI, 3.7%-9.0%), followed by those with minor depressive symptoms (5.3%; 95% CI, 3.2%-8.8%) and those with no depressive symptoms (3.6%; 95% CI, 2.9%-4.6%; P=0.06; Figure 2B ). Table 2 shows hazard ratios for the unadjusted and adjusted associations between the presence of depressive symptoms and incident stroke and CHD. The presence of any depressive symptoms was not significantly associated with stroke in unadjusted or adjusted models, but was associated with a 58% increase in the hazard of incident CHD in unadjusted models.
In models classifying depressive symptoms as major, minor, or none, major depressive symptoms were associated with a 2-fold increase in the hazard of stroke compared with no depressive symptoms (Table 3) . This association persisted after adjustment for stroke risk, socioeconomic status, behavioral risk factors, antidepressant use, and coping strategies. Similar associations were observed in incident CHD models, with a 76% increase in incident CHD among patients with major versus no depressive symptoms. This increase in risk persisted after adjustment for the incident CHD risk score, socioeconomic status, behavioral risk factors, and antidepressant use, but was no longer significant after adjustment for coping strategies.
We further examined the association between continuous CES-D score per 1-SD increase and stroke risk. The unadjusted risk of incident stroke increased by 26% per 1-SD increase in CES-D (Table 4 ). After adjustment, each SD increase in CES-D score was associated with a statistically significant 30% increase in the risk of incident stroke (hazard ratio per 1-SD increase, 1.30; 95% CI, 1.02-1.66; P=0.04). and incident CHD, with a 19% increase in CHD risk for each 1-SD increase in CES-D score. This association also persisted after adjustment for incident CHD risk score, socioeconomic status, behavioral risk factors, and antidepressant use, but was attenuated and no longer significant after adjustment for coping strategies.
Discussion
We investigated associations between depressive symptoms and incident cardiovascular outcomes in a community-based cohort of blacks. Depressive symptoms were present in nearly one quarter of cohort participants. Participants who reported depressive symptoms had greater comorbidity burden and more cardiovascular risk factors, were more likely to be current smokers, reported less physical activity, and had lower socioeconomic status. Unadjusted rates of incident stroke and CHD were higher among participants with depressive symptoms than those without. After adjustment for baseline risk, relevant confounders, and hypothesized mediators, major depressive symptoms were associated with a 2-fold increase in incident stroke risk. In adjusted analyses of continuous CES-D, each 1-SD increase in the score was associated with a 30% increase in the hazard of incident stroke. We observed similar patterns for incident CHD, but these associations were attenuated after adjustment for coping strategies.
Depression is increasingly recognized as an important risk factor for adverse cardiovascular events. Investigators from the Framingham Heart Study reported a 4-fold increase in risk of stroke or transient ischemic attack among cohort participants aged ≤65 years with depressive symptoms (CES-D≥16). 1 However, results from other studies have been less conclusive, 21, 22 and the majority of work to date has been conducted in white populations. Evidence from the Chicago Health and Aging Project suggests that unadjusted stroke incidence rates were higher among older blacks (mean age, 77 years; n=2649) reporting psychological distress (a composite measure of depressive symptoms, perceived stress, neuroticism, and life dissatisfaction) than those who reported no distress. 10 Similar to our findings, this association was attenuated after adjustment for stroke risk factors. Positive associations were found among 2557 blacks who reported depressive symptoms in the Health and Retirement Study. 23 However, neither study included younger adults, a population that may be especially vulnerable to adverse cardiovascular effects of clinical depression. 1 In addition, these studies relied on administrative claims and self-report for event ascertainment. Although the association between depressive symptoms and incident CHD has been more fully explored, few studies have examined these associations in black patients, and existing studies have produced mixed results. 4, 24, 25 Our study builds on previous work in a well-characterized cohort with a large sample of blacks and detailed information on cardiovascular risk factors and physician-adjudicated events.
Our finding of increased event risk in patients with major but not minor depressive symptoms is consistent with previous work on psychological correlates of adverse health outcomes. [26] [27] [28] In a cohort study of the association between CES-D score and cardiac mortality, Penninx et al 29 reported a nearly 2-fold increase in excess mortality associated with major depressive symptoms compared with minor depressive symptoms. It is possible that minor depressive symptoms represents a more sensitive but less specific classification of the exposure of interest. It may also be that reports of minor depression are more reflective of daily mood fluctuations rather than long-term dysthymia, and therefore are less predictive of long-term cardiovascular risk. Future analyses are needed to further elucidate the excess cardiovascular risk associated with minor depressive symptoms in blacks. In addition, in contrast to results from incident stroke models, we found that the association between depressive symptoms and CHD risk was no longer significant after adjustment for coping strategies. It is possible that coping strategies are particularly important for mitigating the increased CHD risk associated with depressive symptoms, but not for the increased risk of stroke. Although outside the scope of this analysis, this hypothesis warrants additional study.
The need for greater understanding of associations between depressive symptoms and cardiovascular outcomes in blacks is particularly salient in light of reported racial disparities in disease severity, timely diagnosis, and the use of pharmacotherapy. Although evidence suggests that blacks are more likely to visit a primary care physician for mental health-related concerns, 30 they may also be less likely to have depression detected in primary care settings. 31 Blacks report higher rates of disabling depression compared with white persons, and blacks are also less likely to be prescribed evidencebased pharmacotherapy. 9 In 1 study of antidepressant use among Medicaid recipients, black patients were significantly less likely than white patients to receive selective serotonin reuptake inhibitors at the time of the initial depression diagnosis than were white patients. 32 However, these treatment differences may be at least partly a result of patient preferences. Previous research suggests that black patients are less likely than white patients to find antidepressant medication acceptable 33 and less likely to think that depression is biologically based. 34 Consistent with previous findings, we found that only 11.4% of participants with depressive symptoms were treated with antidepressants at baseline. In addition, the relatively high rate of Jackson Heart Study participants who did not complete the CES-D scale may represent reluctance to disclose mental health information because of cultural stigma associated with depression. 35 There are several limitations to our study. First, we did not have information on changes in depressive symptomatology over time. Second, we used the CES-D, a validated screening tool, to identify depressive symptomatology, consistent with what has been used in previous studies of depression and cardiovascular disease. However, because we did not have information on clinically diagnosed depression, some misclassification of depression status is possible. Third, we did not have information on traumatic brain injury or disability; however, we did include a detailed set of clinical comorbid conditions in adjustment models and an indicator for weekly physical activity level. We also did not have baseline CES-D information on 1889 participants in the Jackson Heart Study. The full distribution of baseline characteristics by CES-D completion is provided in Table II in the Data Supplement. Finally, the Jackson Heart Study cohort represents a population with relatively high socioeconomic status, with nearly half of cohort members reporting a college education or higher. Therefore, the results may not be generalizable to populations of lower socioeconomic status.
Our study has several unique strengths. First, the Jackson Heart Study is the largest US-based cohort with contemporary data on cardiovascular risk factors among blacks, a population with a greater burden of severe depression than white populations. Second, we were able to examine multiple measures of depressive symptoms using a validated scale. Third, we had detailed information on a wide range of clinical confounders and socioeconomic indicators not typically available in administrative or retrospective registry data sets. Finally, all cardiovascular events in the Jackson Heart Study were adjudicated by clinical reviewers, reducing the potential for event misclassification.
In conclusion, we found a positive association between major depressive symptoms and risk of incident stroke and incident CHD, which persisted after multivariable adjustment for clinical and behavioral risk factors. Future work characterizing the burden of depression over time and risk of adverse cardiovascular events in blacks is warranted. *Events occurring within 10 years of the baseline examination (median follow-up time=8 years; 75th percentile=10 years).
